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Tlie invention relates to catalyst supports based on 
alxizninixm oxides, silicon oxides, titanitim oxides or zir- 
conium oxides, metallocene catalysts prepared using these 
catalyst supports and their use in olefin polymerization. 
5 Polypropylene Ccm be prepared, for example as 

described in EP-A-530, 647, by use of catalysts which 
comprise a metallocene and an activator or cocatalyst, 
for example methylaluminoxane or perf luorotetraphenyl- 
borate. However, use of such homogeneous catalysts in the 

10 polymerization gives powders having only a low bulk 
density. The particle morphology of such products can in 
principle be somewhat improved by a specific pretreatment 
of the metallocene with the cocatalyst (EP 3 02 424) . 
However, a disadvantage of such a process is, in particu- 

15 lar, the heavy deposit formation in industrial reactors 
(EPA 563 917) . 

The use of methylalxjminoxane as support material which is 
insoluble in aliphatic solvents does give a certain 
improvement in the activity, but likewise gives only 
20 pulverulent products (Polymer 1991, Vol. 32, 2671-2673) . 
In addition, the process is uneconomical. 

Supporting the metallocene on oxidic materials, such as 
silicon oxide or aluminium oxide, with pretreatment of 
the starting material, which may be partially dewatered, 

25 with the cocatalyst is a method known from WO 91/09882, 
which method is used in the homopolymerization ajid 
copolymerization of ethylene. However, the particle size 
of the particulate polymer is here essentially determined 
by the particle size of the support material, so that 

30 limits are placed on increasing the grain size in com- 
parison with conventional magnesium chloride supported 
catalysts. 

It is therefore an object of the invention to 
develop a process which allows the particle size and the 
35 particle size distribution of polyolefins prepared using 
metallocene catalysts to be controlled in a targeted 
manner. 

Surprisingly, it has now been found that the use . 
of a specific support material and subsequent fixing of 




a reaction product of a metallocene and a cocatalyst or 
activator enables the particle size distribution of the 
polymer to be set in a targeted manner > 

The present invention accordingly provides a 
5 process for preparing a catalyst support, which is 
characterized in that 

a) a hydrophilic, macroporous , finely divided aluminiuza 
oxide, silicon oxide, titeuiium oxide or zirconium 
oxide or a mixture or mixed oxide thereof is dried 

10 at from 110 to 800 ^C, 

b) is reacted with an alximinoxane and subsequently 

c) is reacted with polyfunctional organic crosslinkers • 

The invention further provides the catalyst 
support which csui be prepared by the process of the 

1 5 inven t i on , where in 

a) a hydrophilic, macroporous, finely divided aluminium 
oxide, silicon oxide, titemium oxide or zirconium 
oxide or a mixture or mixed oxide thereof is dried 
at from 110 to 800^C, 

2 0 b) is reacted with an aluminoxane amd subsequently 

c) is reacted with polyfunctional organic crosslinkers . 

The catalyst support of the invention is preferably 
prepared in a multistep reaction from an inorganic oxide 
in accordance with the following procedure: 

25 In the first step (a), a hydrophilic, macroporous 

and finely divided aluminium, silicon, titanium or zir- 
coniim oxide, for exait^le as described in DE-C 870,242 or 
EP-A-5iB5,544, which preferably has no internal surfaces, 
or a mixture or mixed oxide thereof is dehydrated in a 

30 streaua of nitrogen or in vacuo at texziperatures of from 
110 to 800 **C over a period of from 1 to 24 hours. This is 
followed by a measurement of the concentration of the 
surface hydroxyl groups established as a function of the 
selected drying temperature. Suitable starting materials 

35 are, for example, oxidic materials prepared in accordance 
with DE-C 870,242 or EP-A-585,544 by the high- temperature 
hydrolysis process from gaseous metal chlorides or 
silicon compounds, but also all other hydrophilic oxidic 
materials having the properties indicated. The mean 




primary particle size of the finely divided oxides is at 
most about 100 /im, preferably at most about 10 fim and 
particularly preferably in the colloidal range ^ prefer- 
ably as very finely divided particles at from aJDout 3 to 
5 110 nm. Preference is given to using aluminitjm oxide C 
and Aerosil 13 0 from Degussa. 

In the second step (b) , the dried oxide is 
reacted with an aluminoxane, for which purpose it is, for 
example, suspended in a hydrocarbon solvent, for example 

10 in toluene, in such a way that it is covered by the 
solvent. Slabs equently, it is reacted with an excess of 
aluminoxane and then dried in vacuo at temperatures of 
cdDOUt 20-60**C. 

According to the invention, use is made here of 

15 an alxaminoxcuie of the formula 1 for the linear type: 




(I) 



and/or the formula IX: 




for the cyclic type, where in the formulae I and II the 
radicals R can be identical or different aoxd are a 
Ci-Cg-alkyl group and n is an integer from 1-50. Prefer- 

20 ably, the radicals R are identical and are methyl, 
isobutyl, phenyl or benzyl. The aluminoxane can be 
prepared in various ways according to known processes. 
One possibility is, for exaunple, the reaction of alumin- 
ium alkyls with aluminixun sulphate containing water of 

25 crystallization (Hoechst EP-A-302424) . In the present 
invention, preference is given to using commercial 
methylaluminoxane (MAO, from Witco) . The molar ratio of 
aluminium (as aluminoxane) to surface hydroxyl groups is 
between 1 and 50, preferably between 1 and 20, particu- 



larly preferably between 5 and 10. 

In the tbird step (c) , the dried reaction product 
from the step b is preferably resuspended. The selection 
of the solvent or suspension medixim depends primarily on 
5 the sol\ibility of the polyf unctional crosslinker used. 
If^ for example, aliphatic or aromatic diols are used, 
tetrahydrofuran (THF) or other ethers, for example methyl 
tertiary-butyl ether, are suitable. Particularly 
adveuitageous is the selection of a solvent whose boiling 
10 point lies below the decoznposition temperature of the 
solid prepared in step b. 

The reaction product of the step b suspended in this way 
is preferably treated with a solution of one or more 
poly functional orgsmic crosslinkers in the seuae solvent. 

15 The reaction mixture is stirred for about 30 minutes suid 
the solvent is then removed at temperatures above its 
boiling point but below the decomposition ten5>erature. of 
the solid. When using, for example, tetrahydrofuran as 
solvent, this temperature lies between 70 and 100 ""C. To 

20 eldLminate any unbound constituents, the mixture is once 
again suspended in a solvent such as toluene, stirred for 
10 minutes and the washing toluene is decanted. The solid 
is subsequently dried in vacuo at temperatures of from 
about 100**C to 120°C until a free-flowing powder of the 

25 catalyst support i^ obtained. 

Suitable poly functional organic crosslinkers to be used 
according to the invention are all organic conqpounds 
having more than one functional group which can react 
with a metal -carbon bond. Preference is given to using 

30 bifiinctional crosslinkers. Such bif unctional organic 
coxopounds can be, for exsunple, aliphatic or aromatic 
diols, aldehydes, dicarboxylic acids, primary or secon- 
dary diamines, diepoxide compounds. To avoid interfering 
side reactions or reaction products, which would neces- 

35 sitate additional purification, preference is given to 
using aliphatic and aromatic diols, secondary eunines or 
diepoxide compounds or mixtures thereof. Particular 
preference is given to butanediol, hexeuiediol, decane- 
diol, bisphenol A and 1,4 -butanediol diglycidyl ether. In 



these cases, tetrahydrofuran is preferably used as 
solvent. Tri functional or higher functional crosslinkers 
which can be used are, for example, triethanolamine, 
glycerol or tetraethylenepentamine . 
5 When using the polyf xinctional crosslinkers, there 

is additionally the opportunity of deactivating, in a 
further reaction step, xmreacted reactive groups with, 
for exan^le, alkylaluminium compounds, preferably using 
tr imethylaluminium • 

10 The molar ratio between the aluminium applied as 

aluminoxane in the step b and the crosslinker can vary 
within a wide rcuige and is between 1 and 100, preferad^ly 
between 1 and 40, particularly prefereJ^ly between 5 and 
12. It is dependent, in particular, on the type and 

15 pretreatment of the metal oxides, the type of alumin- 
oxanes used, the respective molar ratio of Al (as alumin- 
oxane) to surface hydroxyl groups on the metal oxide and 
the type of crosslinker • Higher molar ratios Al to 
crosslinker are used here, in particular, when use is 

20 made of trif unctional or higher functional crosslinkers 
which have a correspondingly higher number of crosslink- 
ing possibilities. 

The catalyst support prepared according to the 
invention and based on hydrophilic, macroporous, finely 

25 divided aluminium oxide, silicon oxide, titauilum oxide or 
zirconium oxide or a mixture or mixed oxide thereof, auid 
also alumlnoxanes and polyfiinctlonal organic crosslinkers 
preferably has a very low toluene -soluble aliunlnoxane 
content which is preferably from 0.01 to 1.4 mol%. In 

30 particular from 0.02 to 1.0.mol%, particularly preferably 
from 0.04 to 0.08 mol%, based on moles of Al in the 
aluminoxane used, measured at 70®C« 

The catalyst support of the invention has a 
series of characteristic properties, 

35 As a result of the crossllnklng reaction between the 
aluminoxane and the polyf unctional organic crosslinker, 
the specific surface area when using very finely divided 
metal oxides rises from about 70 to 120 m^/g to 140 to 
200 m^/g, preferably to 150 to 170 m^/g (method of deter- 
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mination: absorption, BET ecniatlon) • 

When using very finely divided metal oxides, the 
particle size rises from aJ^out 10 to 30 nm to 1 to 10 iim, 
prefereJ3ly to 3 to 6 fim (method of determination: 
5 tramsmission electron microscopy TEM) • 

A further effect is the reduction in the solubility of 
the alximinoxcuie as a result of the crosslinking reaction. 
This effect can be evidenced by extraction experiments 
in sultSLble organic solvents, for exconple in toluene, 
10 and subsequent aluminium determination on these solutions 
(method of determination: atomic absorption 
spectroscopy) . 

If the support oxide used according to the invention, for 
excui^le alximina C, is reacted with only one alumlnoxane, 

15 preferably methylaliominoxane, for example in a molar 
ratio Al (alumlnoxsine) : OH (support oxide) of from 20 to 
10:1, aluminoxame solubilities of from 45 to 60 mol% 
(based on moles of Al in the methylalumlnoxane used) are 
found after extraction for from one to three hours in 

20 toluene, both at room temperature and at 70 ^C. Xf the 
molar ratio of Al (alumlnoxane) : OH (support oxide) is 
reduced to less than 10:1, the solubility of the alumln* 
oxane also drops* For example, at a ratio Al:OH = 1.6 the 
solxibillty found is 1.5 mol%* 

25 The chemical reaction of the alumlnoxane applied with 
organic poly functional compounds leads to a stcLble fixing 
of the amorphous, crossllnked phase on the support oxide. 
The degree to which the toluene- soluble starting com- 
pounds are dissolved off is virtually negligible. 

30 If, for exasiple as in the preparation process described, 
a crosslinking step using a polyfunctlonal organic 
crosslinker is employed, for example using bisphenol A in 
a molar ratio of Al (alumlnoxane) :bisphenol A of less than 
8:1, only traces of soluble constituents (< 0.1 mol%) are 

35 foxind after extraction of all catalyst supports in 
toluene for from one to three hours. After the cross - 
linking reaction with the polyftinctional organic com- 
pounds, a washing step can also be., added. Alximinium 
determinations on these toluene wash solutions likewise 




show only traces of solxible aliminoxanes (< 0.1 mol%) * 

The catalyst support of the invention can be 
advantageously used for the preparation of a supported 
znetallocene catalyst. 
5 The invention accordingly further provides a 

supported metallocene catalyst (supported catalyst) which 
can be prepared by mixing or bringing into contact of the 
above-described catalyst support of the invention and the 
reaction product of xnetallocenes and activators. Suitaible 

10 activators are, for example, aluiainoxanes or perfluoro- 
tetraphenylborates . Aluminoxanes which can be used are 
all those types of compounds which have already been 
mentioned for the preparation of the catalyst support. 
Preference is given to using aluminoxanes, particularly 

15 pref erc±>ly methylaluminoxsines . It is also possible to use 
mixtures of various activators. 

In principle, any metallocene or mixtures of 
metallocenes can be reacted with the activators. Possible 
metallocenes are, for example, unbridged, unsubstituted 

20 or substituted cyclopentadienyl, indenyl and fluorenyl 
compounds of metals of the Group IVb, Vb or VIb of the 
Periodic Table, for example bis (isopropyldicyclopenta- 
dienyl) zirconium dichloride; bridged, unsxibstituted or 
substituted, asymmetric or symmetric cyclopentadienyl, 

25 indenyl and fluorenyl compounds of metals of the Group 
IVb, Vb or VIb of the Periodic TcdDle, for exconple 
ethylenebis (indenyl) zirconium dichloride or ethylene- 
bis (ferrocenoindenyl) zirconium dichloride, as are 
described, for example in DE-A-4417542, EP-A-530,647 

30 or EP-A-563,917. 

The preparation of the supported metallocene 
catalyst is carried out by bringing the catalyst support 
of the invention into contact with the reaction product 
of metallocenes and activators. For this purpose, the 

35 metallocene cam, for exainple, first be mixed with the 
activator. The mixing is preferably carried out in a 
solvent. The metallocene is here, for example, dissolved 
in an inert hydrocarbon and mixed with a solution of the 
activator, for example the alximinoxane . SuitSLble inert 




solvents which can be used are, for example, aliphatic or 
aromatic hydrocarbons, preferably toluene. The concentra- 
tion of the activator in the solution is in the region of 
5-30% by weight based on the total solution. The metallo- 
5 cenes are preferably used in an amount of 10'* - 1 mole 
per mole of activator. The mixing time is from 5 minutes 
to 24 hours, preferably from 5 to 60 minutes. Mixing is 
carried out at a temperature of from -10 to +70**C, in 
particular from 10 to 40*^0. 

10 The mixing of the metallocene/activator reaction mixture 
with the catalyst support is preferably carried out in 
solution. For this purpose, the catalyst support is 
covered with an inert solvent suid subsequently mixed by 
stirring with the solution of the metallocene- activator 

15 complex. Preferred solvents are inert aliphatic and 
aromatic hydrocarbons. Particular preference is given to 
using toluene. The reaction time is from 10 minutes to 
24 hours, preferably from 10 to 60 minutes. The reaction 
is carried out at a temperature of from 0 to 80**C, in 

20 particular at from 10 to 50** C. 

After the reaction is complete, the solvent is 
taken off, preferably in vacuo, at temperatures between 
10 and 90**C, prefersibly between 25 and 70**C, and the 
residue is then washed a plurality of times with a low- 

25 boiling, inert aliphatic. Preference is given to using 
n-pentane. The metallocene content of the supported 
catalyst is in the range from 0.01 to 10%, preferably 
from 0.1 to 3%, by weight based on the mass of the total 
catalyst. 

30 The particle size and the particle size distribu- 

tion of the catalyst can be controlled, for exantple, by 
the reaction procedure via the degree of crosslinking in 
step c. Under optimum conditions, the catalyst powder is 
distinguished by the proportion of fines (particle size 

35 less than 1 fim) being particularly low aoxd being only 
about 1%. 

The invention further provides a process for 
preparing polyolefins by polymerization or copoly- 
merization of olefins, which is characterized in that the 




supported metallocene catalyst o£ the invention is used 
as polymerization catalyst, and also provides for the use 
of supported metallocene catalysts of the invention in 
the polymerization or copolymerization of olefins to 
5 prepare polyolefins. 

The catalyst of the invention can be introduced 
into the polymerization mixture either as a powder or as 
a suspension in an inert hydrocarbon, for example 
pentane, hexane, cyclohexane or mineral oils. 

10 The polymerization is carried out in a knovm 

manner in solution, suspension or gas-phase processes, 
continuously or batchwise at a temperature of from -10 to 
+200®C, preferably from +20 to +80*C. 

The supported catalyst of the invention is 

15 polymerization-activated without further activating 
additives. However, it is found to be particularly 
advantageous to use altominium alkyls, preferably tri- 
methylaluminium, trie thy 1 aluminium or triisobutyl- 
aluminium, or alkylaluminoxanes, for example methylalu- 

20 minoxsine, as scavenger and as additional activator. The 
amount used is, based on the aluminium, 50-5,000 mol, 
preferably 100-500 mol, per mol of tremsition metal in 
the metallocene catalyst. 

Polymerization or copolymerization is carried out 

25 on olefins of the formula R''-CH=CH-R^. In this formula, R* 
and R^ are identical or different and are each a hydrogen 
atom or an alkyl radical having from 1 to 20 carbon 
atoms. However, R* suad R** can also form a ring together 
with the carbon atoms connecting them. For exauaple, 

3 0 olefins such as ethylene, propylene, 1-butene, 1-hexene, 
4 -methyl -1-pentene, 1-octene, cyclopentene, norbomene or 
norbomadiene are polymerized or copolymer ized. Pre- 
ference is given to polymerizing or copolymerizing 
ethylene, propylene and butene, particularly preferably 

35 ethylene and propylene. 

If required, hydrogen is added as molecular 
weight regulator. The total pressure of the polymeri- 
zation is usually 0.5-150 bar. Preference is given to 
carrying out the polymerization in the pressure range of 




1-40 bar. 

1£ the polymerization is carried out as a suspen- 
sion or solution polymerization, an inert solvent is 
used. For example, aliphatic or cycloaliphatic hydro- 
5 carbons such as pentane, hexane or cyclohexane can be 
used. It is also possible to use toluene. Preference is 
given to carrying out the polymerization in the liquid 
monomer • 

The copolymerization of ethylene with propylene 

10 is preferably carried out in liquid propylene or in 
hexane as suspension medium. Xn the polymerization in 
liquid propylene, the ethylene is preferably fed in such 
SLn amount that a partial pressure ratio Pcs/Pci > 0.5, in 
particular > 1.0, is established above the liquid phase 

15 (Pc2 = partial pressure of ethylene in the gas phase aJbove 
the suspension; Pc3 = partial pressure of the propylene in 
the gas phase sQDOve the suspension) • In the copolymeriza- 
tion in hexane as suspension medium, an ethylene /propy- 
lene gas mixture having a propylene content of from 1 to 

20 50 mol%, prefersQjly from 5 to 30 mol%, is added. The 
total pressure is kept constant during the polymerization 
by metering in further amounts. The total pressure is 
from 0.5 to 40 bar, preferably from 1 to 20 bar. The 
polymerization time is from 10 minutes to 6 hours, pre- 

25 ferably from 30 minutes to 2 hours. 

The catalysts used according to the invention 
make possible the preparation of homopolymers , copolymers 
and block copolymers. Their use makes it possible to 
control the particle size of the polymers in a targeted 

30 way as a function of the preparation conditions of the 
support. The particular advsuitage of the catalyst of the 
invention is therefore that the particle size of the 
polymers can be matched to the respective requirements of 
the technology used. 

35 Apart from the opportunity of targeted control of the 
particle size euid the particle size distribution, the 
process of the invention has the further advantage that 
the polyolefins obtained are present in spherical form 
and that they have only a low proportion of fines. 
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Further advantages are derived from tlie preparation 
technology. The catalyst Is able to be prepared in 
principle by a "single- vessel process", where, with an 
appropriate reaction procedure, no interfering byproducts 
are formed and the solvents used can be recycled. 

The following exasiples illustrate the invention. 

Definitions : 
MC metallocene, 
MAO zne thylaluminoxane , 

TEAL trie thy laluminium 

Ml, weight average molecular mass in g/mole deter- 

mined by 6PC, 

Mq nximber average molecular mass in g/mole deter- 

mined by 6PC, 
M.,/^ polydi sper s i ty 

dgo mean particle diameter determined by sieve 

analysis, 

T„ melting point determined by DSC. 

Eacample 1 Preparation of the supported catalyst A 

The support material used was aluminium oxide C 
(from Degussa) . The mean primary particle size is in the 
colloidal range and is given by the manufacturer as 
13 nm. Prior to use, the oxide was first dehydrated at 
110 ^'C for a period of 16 hours with application of 
vacuum, subsequently ignited at 400 ®C for a period of 
24 hours in vacuo and cooled and stored xmder a gauge 
pressure of nitrogen of 1.5 bar. The OH content was 
0.88 mmol/g of AI2O3 (method of determination according to 
Zeriwitinov; Houben-Weyl, Methoden der organischen Chemie 
(1953) 317) . 

5 g of aluminium oxide C were suspended in 40 ml of dry 
toluene. The suspension was subseq[uently mixed with 
24.14 g of a 10% strength MAO solution in toluene (from 
Witco; 44 mmol of Al) and stirred for 45 minutes. The 
solvent was then taken off at room temperature in vacuo 
with moderate stirring. The solid obtained was then 
resuspended in 40 ml of anhydrous THF. A solution of 
3.96 mmol of bisphenol A and 40 ml of THF was then added 
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to the suspended reaction mixture over a period o£ 
5 minutes and the mixture was stirred for a further 
30 minutes. Subsequently, the solvent was taken off at 
70**C in vacuo over a period of 30 minutes with moderate 
stirring. The fine powder obtained was admixed again with 
60 ml of toluene, stirred for 10 minutes, subsequently 
allowed to stand for 15 minutes and the clear solution 
obtained above the solid which had settled out was 
decanted* The solid was then dried at 100 in vacuo 
while stirring. 

The catalyst support thus prepared was resuspended in 
toluene suid was admixed with a toluene -containing mixture 
comprising 45 mg of ethylenebis (indenyl) zirconium 
dichloride (from Witco) and 21.42 mmol of a 10% strength 
MAO solution. The active zirconocene/MAO complex was 
allowed to stand for 15 minutes beforehand. 
After stirring for a further 30 minutes, the toluene was 
taken off at room tenqperature and the residue was sub- 
sequently washed twice with 40 ml of anhydrous n-pentane 
and dried in vacuo. This left a supported metallocene 
catalyst (supported catalyst A) as a fine yellow solid 
having a metallocene content of 0.48% by weight, which 
solid changed colour to orange to reddish brown after 
being allowed to stand for a number of days under inert 
gas. 

Example 2 Polymerization using supported catalyst A 

A 2 1 stirred reactor (from Buchi) was, after 
being made inert, charged at room temperature with 1.42 g 
of a 10% strength MAO solution (Al [MAO] :Zr[MC] = 200) and 
200 g of liq[uid propylene and the mixture was stirred for 
5 minutes at 350 revolutions /min. 

0.987 g of the supported catalyst A prepared in Exainple 1 
were rinsed into the reactor with a further 300 g of 
propylene, the stirrer speed was increased to 700 rpm, 
the mixture was heated to the polymerization teaxperature 
of 70**C cuid the texnperature was kept constant for a 
period of two hours. The reaction was ended after two 
hours by flushing off the propylene. This gave 100 g of 




polypropylene having a mecui particle diameter dso accord- 
ing to sieve ainalysis of 2,000 /m and a proportion of 
fines (< 200 fim) of 4.23% by weight. The polymer par- 
ticles are spherical (M;^ = 25,000 g/mol; polydispersity 
5 2.5; T„ = 131*>C) . 

Example 3 Polymerization using supported catalyst A 

A 5 1 reactor (from Biichi) is, after being made 
inert, charged at room temperature with 3.64 ml of a 
1.011 molar triethylaluminium solution (solvent: hexane; 

10 A1[TEAL] :Zr[MC] = 100) and 500 g of liquid propylene and 
the mixture is stirred for 5 minutes at 350 rpm. 
1.55 g of the supported catalyst A prepared in Example 1 
are rinsed in with a further 1,000 g of liquid propylene, 
the stirrer speed is increased to 700 rpm, the mixture 

15 is heated to the polymerization teniperature of 70**C and 
the temperature is kept constant for a period of two 
hours. The reaction is ended after two hours by flushing 
off the propylene. This gave 80 g of polypropylene having 
a mean particle diameter d^^ according to sieve analysis 

20 of 710 fim and a proportion of fines (< 2 00 fxm) of 1.6% 
by weight. The polymer particles are spherical 
(M^ = 27,000 g/mol; polydispersity 2.5; T„ = 132**C) . 

Example 4 Polymerization using supported catalyst A 

The experimental procedure of Exeunple 2 was 
25 repeated, but using 0.992 g of the supported catalyst A 
and omitting the addition of the 10% strength MAO 
solution. 

This gave 11 g of polypropylene having a meam particle 
diameter d^^ according to sieve analysis of 500 fim and a 
30 proportion of fines (< 200 fim) of 3.6% by weight. The 
polymer particles are spherical (M^ = 28,000 g/mol; poly- 
dispersity 2.3; T^ = 136*C) . 

Example 5 Preparation of the supported catalyst B 

The support material used was aluminium oxide C 
35 (from Degussa) . Prior to use, the oxide was first dried 
at 400 for a period of 4 hours imder a stream of 




nitrogen. The OH content was 0.99 mmol/g of AI2O3. 
3.75 g o£ alusuLniiun oxide C were suspended in 40 ml o£ 
dry toluene. The suspension was subsequently mixed with 
7.65 g of a 30% strength MAO solution in toluene (from 
5 Witco; 37.1 mmol of Al) and the mixture was stirred for 
45 minutes. The solvent was then taken off at room 
temperature in vacuo with moderate stirring. The solid 
obtained was then resuspended in 40 ml of anhydrous THF. 
A solution of 4.82 mmol of bisphenol A and 40 ml of THF 

10 was added to the suspended reaction mixture over a period 
of 5 min and the mixture was stirred for a further 
30 minutes. Subsec^iently, the solvent was taken off at 
70**C in vacuo over a period of 30 minutes with moderate 
stirring. The fine powder obtained was admixed again with 

15 60 ml of toluene, stirred for 10 minutes, sxibsequently 
allowed to stand for 15 minutes and the clear solution 
obtained above the solid which had settled was decauated. 
The solid was then dried at 100 ^'C in vacuo while 
stirring. 

20 1.8 g of the support material thus prepared is resuspen- 
ded in toluene and was admixed with a toluene -containing 
mixture comprising 36 mg of ethylenebis (indenyl) zirconium 
dichloride (from Witco) and 3.75 mmol of a 30% strength 
MAO solution (molar ratio Al : Zr = 210) . The active zirco- 

25 nocene/MAO complex was allowed to stand for 15 minutes 
beforehand. 

After stirring for a further 30 minutes, the toluene was 
taken off at room temperature and the residue was sub- 
sequently washed twice with 40 ml of anhydrous n-pentame 
30 and dried in vacuo. This left a fine orange solid having 
a metallocene content of 2% by weight. 

Example 6 Polymerization using supported catalyst B 

A 2 1 stirred reactor (from Bxichi) is, after 
being made inert, charged at room texziperature with 2 00 g 
35 of liquid propylene and the liG[uid is stirred for 
5 minutes . 

0.250 g of the supported catalyst B prepared in Example 5 
is rinsed into the reactor with a further 3 00 g of 




propylene, the stirrer speed Is increased to 700 rpm, the 
mixture is heated to the polymerization teznperature o£ 
70 ®C and the temperature is kept constant for a period of 
two hours. The reaction is ended after two hours by 
5 flushing off the propylene. This gave 100 g of poly- 
propylene having a mean particle dicuneter dg^ according to 
sieve cuaalysis of 1^500 fun, and a proportion of fines 
(< 200 /an) of 4% by weight. The polymer particles are 
spherical (K^ = 27,000 g/mol; polydispersity 2.3; 
10 T„ = 133'*C) . 

Example 7 Polymerization using supported catalyst B 

The experimental procedure of . Example 6 was 
repeated, but using 0.162 g of the supported catalyst B. 
With a countercurrent of propylene, 0.05 ml of a 1 molar 

15 t rime thy laluminium/hexane solution was added as scavenger 
prior to commencement of the polymerization, then 200 g 
of propylene were passed in and the mixture was stirred 
for 5 minutes. The catalyst was subsequently added 
together with a further 300 g of propylene. After a poly- 

20 merization time of 2 hours at 70*'C, the polymerization 
was interrupted by flushing off the excess propylene. 
56 g of a very xini form product having a mean particle 
diameter dgQ according to sieve analysis of 1,000 /im and 
a proportion of fines (< 200 fua) of 0.7% by weight were 

25 able to be obtained. The polymer particles are spherical 
(H^ = 24,000 g/mol; polydispersity 2; T„ = 131^C) . 

Example 8 Preparation of the supported catalyst C 

The experimental procedure of Example 1 was 
repeated, but the aluminium oxide C was dried before h and 

30 at 400®C under a countercurrent of nitrogen for a period 
of 4 hours. The OH content was 0.99 mmol/g of AI2O3. 
5.8 g of the dried support material were reacted with 
11.15 g of a 30% strength MAO solution (57.42 mmol of 
Al) . Subsequently, the reaction product was reacted with 

35 4.305 mmol of bisphenol A (Al [MAO] :bisphenol A = 13) . The 
supported catalyst was prepared by addition of a mixture 
of 48 mg of ethylenebis (indenyl) zirconium dichloride and 




12.6 g o£ a 10% strength KAO solution. After coznplete 
drying, this gave a £ine, pale yellow powder having a 
metallocene content o£ 0.5% by weight. 

Eacample 9 Polymerization using supported catalyst C 
5 The experimental procedure of Example 2 was 

repeated, but using 1.025 g of a 10% strength MAO 
solution as scavenger (Al [MAO] : Zr [MC] = 250) and 0.586 g 
of the solid supported catalyst C. The total amount of 
liquid propylene was 500 g. 
10 This gave 50 g of polypropylene having a mesm particle 
diameter dg^ according to sieve amalysis of 2,000 /m and 
a proportion of fines (< 200 fim) of 4.0% by weight. The 
polymer particles are spherical (M^ = 26,000 g/mol; poly- 
dispersity 2.5; T„ = 132«C) . 

15 Example 10 Preparation of the supported catalyst D 

The experimental procedure of Example 1 was 
repeated, but the support material aluminium oxide was 
dried beforehsmd at 200 ®C under a cotmtercurrent of 
nitrogen for a period of 4 hours. The OH content was 

20 1.97 mmol/g of AI2O3. 

4.8 g of the dried support material were reacted with 
9.18 g of a 3 0% strength MAO solution (47.28 mmol of Al; 
Al [MAO] zOHCAljOj] = 5). The reaction product was 
subsequently reacted with 3.78 mmol of bisphenol A. The 

25 supported catalyst was prepared by addition of a mixture 
of 41.8 mg of ethylenebis (indenyl) zirconium dichloride 
and 4.7 g of a 30% strength MAO solution. After complete 
drying, this gave a fine yellow powder having a 
metallocene content of 0.5% by weight. 

30 Example 11 Polymerization using supported catalyst D 

Using cui experimental procedure similar to 
Example 2, 1.726 g of a 10% strength MAO solution 
[Al[MAOl ;Zr[MCl = 250) and 200 g of liquid propylene were 
first rinsed into the 2 1 reactor after it had been made 

35 inert. After stirring for 5 minutes at room temperature^ 
0.997 g of supported catalyst D and a further 300 g of 




propylene were metered in. The polymerization time was 
2 hours, the polymerization tenrperature was 70 ^C, euid the 
excess propylene was subsequently flushed off. This g^ave 
94 g of polypropylene having a mean particle diameter d^^ 
5 according to sieve analysis of 1,000 fua and a proportion 
of fines (< 200 fm) of 5.74% by weight. The polymer 
particles are spherical (M^ = 24,000 g/mol; 

polydispersity 2.7; T^ = 129^C) . 

Exa2iQ>le 12 Preparation of supported catalyst E 
10 The preparative procedure of Example 10 was 

repeated, but 4 g of dried aluminium oxide C were 
reacted with 15.3 g of 30% strength KAO solution 
(Al [MAO] tOHCAl^Os] = 10). The reaction product was 
subsequently reacted with 7.92 mmol of bisphenol A. The 
15 supported catalyst was prepared by addition of a mixture 
of 44.0 mg of ethylenebis (indenyl) zirconium dichloride 
and 10.9 g of 10% strength MAO solution. After complete 
drying, this gave a fine yellow powder having a metallo- 
cene content of 0.52% by weight. 

20 Example 13 Polymerization using supported catalyst E 

Using an experimental procedure similar to 
Example 2, 0.54 g of 3 0% strength MAO solution 
[Al[MAO] :Zr[MC] = 250) and 200 g of liquid propylene were 
first rinsed into the 2 1 reactor after it had been made 

25 inert. After stirring for 5 minutes at room temperature, 
0.749 g of supported catalyst E and a further 300 g of 
propylene were metered in. The polymerization time was 
2 hours, the polymerization temperature was 70**C, and the 
excess propylene was subsequently flushed off. This gave 

30 35 g of polypropylene having a mean particle diameter d^^ 
according to sieve analysis of 1,000 /im and a proportion 
of fines (< 200 ijm) of 4.2% by weight. The polymer par- 
ticles are spherical {M^ = 26,000 g/mol; polydispersity 
2.6; T„ = 132^C) . 

35 Example 14 Polymerization using support catalyst E 

Under a countercurrent of nitrogen, 0.76 ml of a 




1.011 molar tri ethyl aluminium solution (dissolved in 
hexane) is injected into a 2 1 stirred autoclave. 
Subsequently, 0.307 g of supported catalyst E is rinsed 
in at room tesiperature with 1 1 o£ dried hexane. The 
5 reactor is then heated to the polymerization temperature 
of 7 0**C. After the polymerization temperature is reached, 
the autoclave is evacuated to 0.4 bar and ethylene is 
metered in. The total pressure is 5 bar and is kept 
constant during the polymerization. The polymerization is 
10 stopped after 2 hours by flushing off the excess 
ethylene. 

This gave 21 g of a spherical polymer. The mesui particle 
diameter d^o according to sieve auialysis is 250 ina, 
the proportion of fines (< 100 fua) is 2%. (M,, = 
15 104,000 g/mol; polydispersity 2.9; T„ = 136*^0. 

Exasple 15 Preparation of the supported catalyst P 

The support was dried by a method similar to 
Example 8, the subseqiient experimental procedure was 
similar to Example 1. 5.7 g of the dried support material 

20 were reacted with 11.3 g of a 30% strength MAO solution 
(57.4 mmol of Al) . Subsequently, 6.29 g of the reaction 
product were reacted with 5.08 mmol of bisphenol A 
(Al [MAO] :bisphenol A = 8) . The supported catalyst was 
prepared by addition of a mixture of 5 9 mg of ethylene- 

25 bis (indenyl) zirconium dichloride and 19.28 g of a 10% 
strength MAO solution. After complete drying, this gave 
a fine yellow powder having a metallocene content of 0.7% 
by weight. 

Example 16 Polymerization using supported catalyst F 
30 The polymerization was carried out using a method 

similar to Exainple 3. 3.43 g of 10% strength MAO solution 
(Al [MAO] : Zr [MC] = 250) were used. The eunount of support 
was 1.50 g. The polymerization time was 2 hours, the 
polymerization temperature was 70**C. At the end of the 
35 polymerization, the excess polypropylene was flushed off. 
This gave 3 50 g of polypropylene having a mean particle 
diameter dgQ according to sieve analysis of 500 /xm and a 




proportion of fines (< 200 /im) of 9.26% by weight- The 
polymer particles are spherical (M„ - 25,000 g/mol; 
polydispersity 2.4; T„ = 130^0 . 

Emnple 17 Polymerization using supported catalyst F 
5 The polymerization was carried out using a method 

similar to Example 2. 1.13 g of 10% strength MAO solution 
(Al [MAO] : Zr [MC] = 250) were used. However, the supported 
catalyst F was sieved beforehand. The sieve fraction 
14-10 fim was used. The amount of support was 0.494 g. The 

10 polymerization time was 2 hours, the polymerization 
temperature was 70**C. At the end of the polymerization, 
the excess polypropylene was flushed off. This gave 138 g 
of polypropylene having a mean particle diameter djo 
according to sieve analysis of 710 /na and a proportion of 

15 fines (< 200 fim) of 2.25% by weight. The polymer par- 
ticles are spherical {M^ = 26,000 g/mol; polydispersity 
2.5; T„ = 131«C) . 

Exasple 18 Preparation of the supported catalyst G 

The support was dried using a method similar to 

20 Example 8, the subsequent experimental procedure was 
similar to Example 1. 3.32 g of the dried support 
material were reacted with 18.02 g of a 10% strength MAO 
solution (32.87 mmol of Al) . The reaction product was 
subsequently reacted with 1.48 mmol of bisphenol A 

25 (Al [MAO] : bisphenol A = 22). The supported catalyst was 
prepared by addition of a mixture of 25 mg of ethylene- 
bis (indenyl) zirconium dichloride and 6.8 g of a 10% 
strength MAO solution to 4.57 g of the crosslinked 
support material. After complete drying, this gave a fine 

30 yellow powder having a metallocene content of 0.5% by 
weight . 

Exanple 19 Polymerization using supported catalyst G 

The polymerization was carried out by a method 
similar to Example 2. 0.46 g of 30% strength MAO solution 
35 (Al [MAO] :Zr [MC] = 250) was used. The amount of support 
was 0.735 g. The polymerization time was 2 hours, the 




polymerization temperature was 70**C. At the end of the 
polymerization, the excess propylene was flushed off. 
This gave 50 g of polypropylene having a mean particle 
dicuneter dgo according to sieve euialysis of 2,000 fim and 
5 a proportion of fines (< 200 /xm) of 4.20% by weight. The 
polymer particles are spherical (m;, = 24,000 g/mol; 
polydispersity 2.4; T„ = 133°C). 

Example 20 Preparation of the supported catalyst H 

The support material used was hydrophilic, very 

10 finely divided SiOj (Aerosil 130, from Degussa) . The 
primary particle size is given by the xaanuf acturer as 
16 nm. Prior to use, the oxide was first dried at 400*^0 
for a period of 4 hours xinder a counter cur rent of nitro- 
gen. The OH content was 0.71 mmol/g of SiOa- 

15 2.85 g of dry Aerosil 13 0 were suspended in 30 ml of dry 
toluene. Subsequently, the suspension was mixed with 
3.88 g of a 10% strength MAO solution in toluene (from 
Witco; 7.07 mmol of Al) and stirred for 45 minutes. The 
solvent was then taken off at room temperature in vacuo 

20 with moderate stirring. 

The solid obtained was then resuspended in 3 0 ml of 
anhydrous THF. A solution of 0.636 mmol of bisphenol A 
and 2 0 ml of THF was added to the suspended reaction 
mixture over a period of 5 minutes and the mixture was 

25 stirred for a further 30 minutes. The solvent was 
sxibsequently taken off at 70**C in vacuo over a period of 
30 minutes with moderate stirring. The fine powder 
obtained was again admixed with 60 ml of toluene, stirred 
for 10 minutes, subseqpiently allowed to stand for 

30 15 minutes and the clear solution obtained above the 
solid which had settled was decanted. The solid was then 
dried at 100 ®C in vacuo while stirring. 

The support material thus prepared is resuspended 
in toluene and was admixed with a toluene -containing 

35 mixture comprising 20.25 mg of ethylenebis (indenyl) zir- 
conium dichloride (0.048 mmol) and 5.3 g (9.657 mmol of 
Al) of a 10% strength MAO solution. The active zircono- 
cene/MAO complex was allowed to staoid for 15 minutes 




beforehand. 

After stirring further for 30 minutes, the toluene was 
taken off at room temperature and the residue was siib- 
seguently washed twice with 40 ml of amhydrous n-pentane 
5 and dried in vacuo. This left a fine yellow solid having 
a metallocene content of 0.6% by weight, which solid 
changed colour to orange after being allowed to stand for 
a ntunber of days under inert gas. 

Example 21 Polymerization using supported catalyst H 

10 A 2. 1 stirred reactor (from Biichi) is, after 

being made inert, charged at room temperature with 0.49 g 
of a 30% strength MAO solution (Al [MAO] :Zr[MC] = 200) and 
200 g of liG[uid propylene and the mixture is stirred for 
5 minutes at 350 revolutions/min. 

15 0.75 g of the supported catalyst H prepared in Example 20 
is flushed into the reactor with a further 300 g of 
propylene, the stirrer speed is increased to 700 rpm, the 
mixture is heated to the polymerization temperature of 
70**C and the temperature is kept constant for a period of 

20 two hours. The reaction is ended after two hours by 
flushing off the propylene. This gave 93 g of polypro- 
pylene having a mecui particle dicimeter dgo according to 
sieve analysis of 710 /xm and a proportion of fines 
(< 200 fua) of S.7% by weight. The polymer particles are 

25 spherical (M^ = 23,000 g/mol; polydispersity 3.0; 
T„ = 132^C) . 

Comparative Example X Preparation of the supported 

catalyst J 

The support was dried using a method similar to 
30 Example 8. 5.7 g of the dried aluminium oxide C were 
suspended in 50 ml of dry toluene. The suspension was 
subsequently mixed with 10.96 g of a 30% strength MAO 
solution in toluene (56.4 mmol of Al) and the mixture was 
stirred for 45 minutes. The solvent was then taken off at 
35 room temperature with moderate stirring. 2.8 g of the 
solid obtained was resuspended in toluene without prior 
reaction with a crosslinker and mixed by stirring with a 




toluene -containing mixture contprising 31 mg of ethylene- 
bis (indenyl) zirconium dichloride and 8.5 g of a 10% 
strength MAO solution. The active zirconocene/MAO complex 
was allowed to stand for 15 minutes beforehand. 
5 After stirring for 30 minutes, the toluene was taken off 
at room temperature and the residue was subsequently 
washed twice with 40 ml of anhydrous n- pen tana and dried 
in vacuo. This left a fine yellow solid having a metallo- 
cene content of 0.9% by weight, which solid changes 
10 colour to orange to reddish brown after being allowed to 
stand for a niunber of days under inert gas. 

Comparative Escanple II Polymerization using supported 

catalyst J 

The polymerization was carried out using a method 
15 similar to Exainple 2. 0.62 g of 10% strength MAO solution 
(Al [MAO] : Zr [MC] = 250) was used. The amoxint of support 
was 0.260 g. The polymerization time was 90 minutes, the 
polymerization temperature was 50**C. At the end of the 
polymerization, the excess propylene was flushed off. 
20 This gave 230 g of polypropylene having a mean particle 
diameter d^Q according to sieve analysis of 1,000 /im and 
a proportion of fines {< 200 fim) of 4.13% by weight. The 
polymer particles are not spherical but comprise irregu- 
larly structured, lumpy agglomerates (M^ = 35,000; poly- 
25 dispersity 2.5; T„ = 133**C) . 

Comparative Example XXX Polymerization using supported 

catalyst J 

The experimental procedure was sdLmilar to 
Example 2. In place of MAO, 0.41 ml of a 1.011 molar 

30 triethylaluminium solution (solvent: hexane; 
Al [TEAL] :Zr [MC] ^ 100) was used. The eunoxmt of support 
was 0.251 g. The polymerization time was 60 minutes, the 
polymerization temperature was 50**C. At the end of the 
polymerization, the excess propylene was flushed off. 

35 This gave 360 g of polypropylene having a mean particle 
diameter dgq according to sieve analysis of 1,000 /Jon and 
having a proportion of fines {< 200 fim) of 2.53% by 




weight. The polymer particles are not spherical but 
comprise irregularly structured/ lumpy agglomerates 
(M;, = 37,000 g/mol; polydispersity 2.4; T„ = 133**C). 

Example Al) 

5 Synthesis of crossldLnlced supports having different 
MAO contents and degrees of crosslinking, and their 
characterization 

5.08 g of an aluminium oxide C dried at 40 0 °C for 
4 hours (0.99 mmol of OH/g of AljOj) were suspended in 

10 110 ml of toluene. Siibsequently/ in a molar ratio 
Al (MAO) rOHCAljOa) = 10, 10.36 g (50.26 mmol of Al) of a 
30% strength methylaliiminoxane solution in toluene were 
added and the mixture was stirred for 30 minutes at room 
temperature. The solvent was then taken off in vacuo. The 

15 powder prepared was resuspended in 90 ml of THF. A solu- 
tion of 1.48 g of bisphenol A in 10 ml of THF was then 
added to the suspension (molar ratio Al (MAO) : bisphenol A 
= 7.8) and the mixture was stirred for a further 
30 minutes. The solvent was removed at 50**C in vacuo. The 

20 fine solid obtained was again taken up in 55 ml of 
toluene, stirred for 5 minutes and the supernatant clear 
solution was subsequently decanted (determination of Al 
in the wash solution gave a value < 0.03 mol%; based on 
moles of Al in the MAO used) . The residue was dried at 

25 100 **C in vacuo, washed again at room temperature with 
n-pentane and dried in vacuo. The free- flowing solid 
obtained was characterized in detail. 

Toluene- extractaJDle proportion of MAO (after 3 hours) : 

- at room temperature 0.03 mol% (based on moles of Al 
30 in the MAO used) 

- at 70®C 0.07 mol% 
Particle size: 3-5 fan 
BET surface area: 160 m^/g 



35 



Examples A2 to AlO 

The examples A2 to AlO were prepared by the same 
synthetic procedure as Al, but different molar ratios of 




MAO and bisphenol A were set. The synthetic parameters 
and the results o£ characterization are shown in Table 1. 



Comparative Example Bl) 

Synthesis of uncrosslinked supports having* different 
5 proportions of MAO, and their characterization 

5.42 g of an aliaminium oxide C dried at 400 °C for 
4 hours (0.99 mmol of OH/g of AljOj) were suspended in 
100 ml of toluene. Subsequently, in a molar ratio 
Al (MAO) tOHCAljOj) = 10, 11.06 g (53.66 mmol of Al) of a 

10 30% strength methylaluiainoxane solution in toluene were 
added and the mixture was stirred for 30 minutes at room 
temperature. The isolvent was then taken off in vacuo. A 
crosslinking step was omitted. The fine solid obtained 
was taken up again in 60 ml of n-pentane, washed for 

15 5 minutes emd dried in vacuo. The free- flowing solid 
obtained was characterized in detail. 

Toluene -ex tract able proportion of MAO (after 3 hours) : 

- at room temperature 42 mol% 

- at VO'^C 45 mol% 

20 Particle size: 0.5-0.8 foa 

BET surface area: 114 m^/g 

Examples B2 to B4 

The examples B2 to B4 were prepared by the 
synthetic procedure Bl) , but the proportion of MAO -on the 
25 support oxide was altered and crosslinking with bis- 
phenol A was omitted as in Excunple Bl. The synthetic 
parameters and the results of characterization are shown 
in Table 1. 




Table 1 : 

Table 1: Results of the support characterization 
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Synthetic parameters 


Extraction 


Exper i - 
TTietital 

example 


Al (MAO) : 
OHCAlaOj) 
[mol/mol] 


Cross linking 
Al (MAO) : 
bisphenol 
[laciina] 
[mol/mol] 


sol . proportion of 
MAO* [mol%] 


Room 
tempera- 
ture 


70**C 


Al 


10 


7.8 


0 . 03 


0 . 07 


A2 


1.6 


7.8 


0.03 


0.04 


A3 


5 


7.8 


0.02 


0.05 


A4 . 


10 


12 




0.06 


A5 


10 


22 




0.08 


A6 


20 


7.8 


0.04 


0.05 


A7 


20 


12 




0,06 


A8 


20 


22 




0.15 


A9 


20 


25 




1 


AlO 


20 


30 




1.4 


Comparative Example 


Bl 


10 


uncross - 
linked 


42 


45 


B2 


1.6 


uncross- 
linked 


1.1 


1.5 


B3 


5 


uncross - 
linked 




39 


B4 


20 


uncross- 
1 inked 




60 



* based on moles of Al(MAO) used 



- 26 - 0685494 
Claims 

1. Process for preparing a catalyst support, charac- 

terized in that 

a) a hydrophilic, macroporous, finely divided alxominiian 
5 oxide, silicon oxide, titanixam oxide or zirconium 

oxide or a mixture or mixed oxide thereof is dried 
at. from 110 to 800^C, 

b) is reacted with an aluminoxane and subsequently 

c) is reacted with polyf unctional organic crosslinkers • 
10 2. Process according to Claim 1, characterized in 

that bifunctional crosslinkers are used in step c) . 

3. Process according to Claim 2, characterized in 

that diols, diamines or di epoxide compo\inds or mixtures 

thereof are used in step c) . 
15 4. Catalyst support which can be prepared by 

a) drying a hydrophilic, macroporous, finely divided 
al\miini\im oxide, silicon oxide, titanium oxide or 
zirconium oxide or a mixture or mixed oxide thereof 
at from 110 to BOO^'C, 
20 b) reacting it with an aluminoxane and siobsequently 

c) with polyf unctional organic crosslinkers. 

5, Supported metallocene catalyst which can be 

prepared by mixing a catalyst support according to Claim 

4 with a reaction product of metallocenes and activators. 
25 6. Supported metallocene catalyst according to Claim 

5, characterized in that the activators are aluminoxanes . 

7. Process for preparing a supported metallocene 
catalyst, characterized in that a catalyst support 
according to Claim 4 is brought in to contact with a 

30 reaction product of metallocenes and activators. 

8. Process for preparing polyolefins by poly- 
merization or copolymer izat ion of olefins, characterized 
in that a supported metallocene catalyst according to 
Claim 5 or 6 is used as polymerization catalyst. 

35 9. Process for preparing polyolefins according to 

Claim 8, characterized in that aluminitm alkyls are 
additionally used in the polymerization. 

10. Use of supported metallocene cataysts according 

to Claim 5 or 6 in the polymerization or copolymerization 
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o£ olefins to prepare polyole£ins. 



